Digital equity initiatives traditionally enable access to devices and Internet service, but increasingly, designers are also recognizing the importance of access to people and programs that support digital skills development. Families in under-served communities are most likely to need such supports but least likely to have them available. We explore the extent to which parents and children might serve as these sources of support for each other in low-and lower-middle-income families, who have seldom been the focus of research on children, families, and technology. We examine how sociodemographic factors and parents' own technology use relate to patterns in how parents and children guide each other's technology experiences. We then explore how siblings' collaborative experiences are influenced by the extent to which inter-generational technology practices are either parent-or child-driven. We conclude by discussing the implications of our findings for strengthening digital equity initiatives targeting school-age children and their families.
It is effectively a truism that US children are growing up in a technologized world. The evidence also shows that across the income spectrum, those technologized worlds are not created equal. In the United States, more than 90% of the families with school-age children living below the median household income report having Internet access. However, more than half of these families report that their connectivity is constrained by interrupted or slow service, outdated devices, or having to share devices (Rideout and Katz, 2016) . As technological innovation becomes synonymous with educational innovation, ensuring equitable access to the Internet and Internet-capable devices (i.e. digital equity) has become a call to action for various stakeholders committed to facilitating educational and social opportunity for all children (Warschauer et al., 2014) .
Digital equity initiatives can also indirectly benefit children by supporting family stability and access to social opportunity. As more resources and services migrate online, parents' abilities to apply for jobs, locate health services, or stay updated on local news are often contingent on the extent of their connectivity (Gonzales, 2016; Powell et al., 2010; Ragnedda and Muschert, 2013) . Digital equity initiatives have traditionally focused on ensuring access to devices and Internet service. However, the success of these initiatives also depends on access to people and programs to help develop and reinforce the skills required to engage digital technologies in broad, productive ways . Parents and children living in under-served communities across the United States are most likely to need these forms of support, but least likely to have them available (Waldman, 2011) .
Most research on how family members support each other with learning about technology has focused on how parents guide their children's experiences (Nathanson, 2015; Valkenburg et al., 1999) . More recently, scholars have also begun to amass evidence of "bottom-up" influence-that is, how children affect their parents' engagement with technology. For example, Correa (2015) revealed that lower levels of parental education and household income were predictive of greater bottom-up influence among Chilean families. Katz (2014) examined these same dynamics in Spanish-dominant, immigrant, Hispanic families living in the United States and found that parents' limited English proficiency was an additional determinant of bottom-up influence. We build on these findings by examining sociodemographic factors associated with parent-child, child-parent, and sibling-sibling influence on a range of family technology activities, in families headed by parents with varied racial/ethnic origins, language proficiencies, educational attainment, and household income.
We examine these family activities using data from the first large-scale, national survey of lower-income US parents with school-age children. Digital inequality scholars have established that low-income adults face technology-related constraints that seldom concern wealthier Americans. These include the "dependable instability" of their Internet connections (Gonzales, 2014) , difficulties maintaining the functionality of their digital devices (Gonzales, 2016) , and (for parents) prioritizing monthly Internet bills and device purchases over other expenses (Katz and Gonzalez, 2016a) . Most research on children, families, and technology has focused on wealthy and upper-middle class populations (Alper et al., 2016; Clark, 2012; Wartella and Reeves, 1985) . Consequently, there is a gap between what we know about digital inequality among low-income adults and about how those challenges are manifest within families. To explore the technology practices of these families, we limited our sample to include only low-and lower-middle-income parents, 1 since both income brackets have been overlooked in prior studies.
Our analyses are guided by Livingstone and Helsper's (2007) conceptualization of digital inclusion/exclusion as a spectrum, such that comparisons between lower-middle and low-income families can identify key variations for digital equity initiatives to address. We balance a focus on the digital challenges associated with sociodemographic variation by examining inter-and intra-generational family technology engagement; these often-overlooked family strengths could be mechanisms for addressing digital exclusion (Katz and Gonzalez, 2016a) . In the following sections, we review extant scholarship on how family members influence each other's learning with technology.
How parents and children influence each other's technology learning and use
Past research on family interactions with media and technology has focused primarily on parents' leadership roles in their children's experiences. Much of this literature examines parental mediation, which refers to how parents restrict, discuss, and use media with their children (Valkenburg et al., 1999) . To reframe relationships between parents, children, and technology, Clark (2011) proposed a parental mediation theory for the digital age that shifts away from co-viewing (which was appropriate for television), to co-learning. Clark considers co-learning as a socially situated activity, which, when enabled by the interactive affordances of new technology, allows parents and children to support each other in acquiring and honing new digital skills and knowledge (see also Wartella et al., 2016 ).
Clark's (2011) co-learning formulation treats parental mediation as a potentially dynamic interplay between generations rather than as a parent-driven set of activities. This is consistent with recent research in which scholars argue that interactions around technology are two-way learning experiences because parents' orientations to media and technology evolve by guiding their children's engagement (Guernsey and Levine, 2015; Nabi and Krcmar, 2016) . Among school-age children, the learning opportunities that technology can foster across generations become even clearer. Children's seemingly natural facility with new technologies and capability to guide parents and other adults in using them have been noted across the income spectrum (Eynon and Helsper, 2015; Ito et al., 2009) .
Prior research suggests that such practices are more frequent in certain social groups than others. Katz (2010 Katz ( , 2014 documents how children of Spanish-dominant Hispanic immigrants broker their parents' connections to a range of media devices and content, often as part of their broader family responsibilities to negotiate multiple languages and cultural frameworks. Yip et al.'s (2016) research with children of immigrant Hispanic parents reveals that brokering is more challenging in digital than mass media formats, largely because of the former's more immersive and interactive nature. Since low-and lower-middle-income children often have less consistent, quality access to new technologies, such brokering challenges may be symptomatic of their limited opportunities to develop and sustain digital skills (Horrigan, 2014; Ito et al., 2009; Katz, 2016) .
Prior studies have not established whether children of low-income, US-born parents might also broker technology on behalf of parents who have limited experience with digital resources. We address this oversight by exploring inter-generational technology engagement across racial and ethnic groups. Extant research consistently documents differences in how children use media and technology, both alone and with their parents, along racial/ethnic lines (Common Sense Media, 2016; Louie, 2003) . Connell et al. (2015) offer an important qualifier to that body of evidence by calling attention to the potentially confounding effects of race, family income, and parental education. We build on their work by investigating the relationships between family technology activities and sociodemographic differences, including racial/ethnic variation.
Assessing diversity and difference in family technology activities
Most research on children, families, and media has focused on WEIRD families; that is, families that are Western, Educated, Industrialized, Rich, and Democratic (Henrich et al., 2010) , and on families that are native-born rather than immigrant (Alper et al., 2016) . Mediation research has thereby focused primarily on parents who can more easily afford to purchase new technologies and have greater capacities (through education, occupational experiences, English language proficiency, and other social privileges) to facilitate their children's technology activities. Thus, research on affluent families cannot adequately account for how sociodemographic variation influences parenting practices, including those related to technology adoption and engagement.
A focus on diverse families can yield rich insights about the structural mechanisms that shape meaningful connectivity and influence the parenting practices and family dynamics that provide opportunities for inter-generational collaboration and learning (Katz and Gonzalez, 2016b) . Prior research establishes the association of sociodemographic characteristics with parenting practices, including those related to media and technology use. These include how the long work hours of low-income parents constrain their interactions with their children and lead to more restrictive (rather than active or co-viewing) mediation strategies (Warren, 2005) . Jordan (1992) offers a complementary finding that parents' occupations influence their orientations to time management. Professionals who bring work home (compared with shift workers) are more likely to treat time as currency to be wisely spent, including their and their children's time with media.
There is a close relationship between parents' occupations and both their education levels and household incomes, which have also been linked to specific parenting practices. For example, although children whose parent(s) have not completed high school spend more time daily with media than children with college-educated parents, the latter are more likely to control their children's Internet use through pre-screening, content blocking, and strict usage rules (Common Sense Media, 2016; Wang et al., 2005) . Collegeeducated parents' abilities to enact such restrictions reflect their extensive online experience and high technological self-efficacy (Valcke et al., 2010) . Although these studies draw connections between individual-level characteristics and family-level dynamics, they generally describe a unilateral experience of technology engagement that only certain parents can navigate effectively. A deeper investigation into how parent-child exchanges emerge through specific activities can reveal family strengths that contextualize connectivity concerns and can enrich digital equity efforts. Clark's (2012) qualitative examination of how social class affects parents' orientations to family media connections is an example of this kind of strengths-based approach. Unlike higher-income parents who often limit children's technology time to "productive" purposes, Clark frames lower-income parents' stance as an ethic of respectful connection that reflects their priority on raising children who are loyal and caring toward their families and communities. In accordance with those values, media time is equated with family time, resulting in a preference for television and other shareable screens over devices that are hard to use together. She also links these parenting practices to structural realities by explaining, for example, how sharing is more broadly embedded in lowerincome family activities because they tend to have smaller homes and fewer devices (Clark, 2012; Rideout and Katz, 2016) . Because sharing can engender trust, Clark suggests that collaborative learning with technology occurs frequently in these families and makes children's roles as learning resources central to those experiences.
Our first research question examines sociodemographic variation among lowerincome families with regard to parent-child and child-parent assistance with technology use:
RQ1a. What sociodemographic variables matter most for inter-generational assistance with technology?
RQ1b. How do top-down (parent-to-child) and bottom-up (child-to-parent) flows of technology assistance vary by family sociodemographics?
How siblings guide each other in learning with technology
Inter-generational learning experiences have received considerable (albeit largely onesided) scholarly attention, but scholars have understudied how siblings learn together. Gregory (2001) describes the "reciprocal synergy" that occurs when older siblings reinforce their own learning by guiding younger ones. For example, reading together or "playing school" allows older siblings to solidify skills as they model learning practices for younger ones (e.g., listening quietly during story time). These activities facilitate knowledge sharing in a comfortable setting and socialize younger siblings to the expectations of future, formal learning environments.
Siblings' shared activities increasingly implicate technology use. Takeuchi (2012: 50) refers to siblings as "backdoor providers" who act as media gatekeepers for each other by sharing favorite websites or encouraging family device purchases. Older siblings also model technology-related behaviors for younger children and expose them to new devices and platforms. Takeuchi notes the need for more research to fully understand how siblings become play and learning partners; similarly, family literacy scholars have called for investigations into how technology can support siblings in guiding each other's learning (Anderson et al., 2010) .
Although scholars have largely overlooked intra-generational technology engagement, extant literature clearly suggests that inter-generational dynamics affect the extent to which siblings engage each other as learning partners more generally. Researchers have noted that older siblings in immigrant families, single-parent households, and families with many children often assume quasi-parental roles (Orellana, 2009 ). These roles often involve older siblings' involvement in younger children's schooling, particularly if parents are unfamiliar with the vagaries of US schools because they have limited education, are immigrants, or both (Louie, 2012) . Furthermore, evidence suggests that the outcomes of these family dynamics differ by race and ethnicity. Khafi et al. (2014) find that African American children experience more positive outcomes (including enhanced parent-child relationship quality) from children's early assumptions of familial responsibility than European Americans. Buriel (1993) reports similarly positive associations for youth from Mexican-heritage families. Taken together, these findings suggest that siblings' learning activities are important, understudied, and linked to parent-child learning dynamics. Our second set of research questions examines how parent-child interactions around technology set a family tone for the kinds of activities that siblings are most likely to engage in together:
RQ2a. How do siblings' shared activity patterns vary sociodemographically?
RQ2b. How does the technology assistance that children and parents provide each other influence siblings' shared activities?
Method

Data collection
Data were collected in a national telephone survey of 1,191 parents, who had (a) at least one child between ages 6 and 13 years and (b) an annual household income below the median for US households with children in 2014 (i.e. US$65,000; see Note 1). For eligible respondents with two or more children in this age range, we randomly selected one focal child as the reference for survey questions. SSRS, a research firm that conducts a weekly random digit dial (RDD) omnibus survey, conducted the survey. We used two parallel strategies to increase the likelihood of reaching eligible households. SSRS recontacted adults who had previously completed the weekly omnibus survey and had been prescreened for inclusion in this study. SSRS also recruited respondents from omnibus surveys conducted during the study period. Table 1 details the composition of the final sample.
Questionnaire development. The survey instrument was developed inductively and informed by findings from hour-long, open-ended interviews with low-income parents of Mexican-heritage and their focal child (ages 6-13 years; N = 336) conducted prior to the survey as part of a larger study 2 (See Note 2). Survey questions reflect the issues those respondents raised about family technology use. The answer categories for specific inter-and intra-generational activities with technology (used in analyses for RQ1b and RQ2, respectively) were the most common responses provided by parents and children in the qualitative interviews.
Data collection. The survey was fielded between 16 April and 29 June 2015. Respondents could complete the survey in English, Spanish, or a combination of both languages. The survey required an average of 20 minutes for completion; 196 respondents completed it primarily or entirely in Spanish. To maximize response rates, SSRS made at least five attempts to call non-responsive numbers; respondents could also schedule a call-back at a convenient time.
Sample demographics
A total of 1191 respondents completed the survey; the current analyses focus on the 1105 participants who identified as non-Hispanic White, non-Hispanic Black, or Hispanic. Table 2 presents a select set of participant characteristics.
Measures
Race/ethnic origin. Based on responses to questions about race/ethnicity and language(s) used at home, participants were coded as non-Hispanic White, African American, and Spanish-dominant or English-dominant Hispanic, defined by whether they spoke mainly or only English at home.
Education. Education was coded as a three-category variable, representing those with less than a high school degree (0), those with a high school degree or some college (1), and those with a college degree or more (2) .
Income. Participants reported their annual household income in increments of US$5,000 (e.g., US$0-US$5,000; US$5,001-US$10,000). We calibrated the median value for each income category (e.g., US$2,500, US$7,500) to household size, so that income is represented as dollars per household member and treated as a continuous variable.
Child tech brokering and parent tech guidance. We measured general child tech brokering by asking parents whether their child ever helped them use devices that connect to the Internet. Response options were "Yes" (1) or "No" (0) . Only parents with a focal child ages 10-13 years were asked this question, because prior research indicates that children begin brokering intensively for parents (whether that brokering is related to language, cultural norms, or technology) as they enter middle school (Katz, 2014; Orellana, 2009 ). We measured general parent tech guidance by asking parents whether they ever helped their child use devices that connect to the Internet. Response options were "Yes" (1) or "No" (0). These measures are used in analyses for RQ1a.
Specific child tech brokering and parent tech guidance activities. Parents who answered "yes" to the general child tech brokering question were asked whether their child had ever helped them with five specific tech-related activities. Parents who answered "yes" to the general parent tech guidance question were asked whether they had ever helped their children with the same five activities. The activities were as follows: learning how a computer or mobile device works; fixing things that go wrong with a computer or mobile device; finding information online; translating online content into another language 3 (see Note 3); and downloading things, such as apps, software, music, or movies. Response options were "Yes" (1) or "No" (0). Those who answered "no" to the general child tech brokering and parent tech guidance questions were coded as "No" (0) for these more specific items. Because we were interested in these activities as conceptually distinct outcomes, we use these measures as individual items in RQ1 analyses. For RQ2b analyses, we used intensity measures of parent tech guidance and child tech brokering, reflecting our interest in how overall patterns in parent tech guidance and child tech brokering foster family norms that can influence siblings' shared tech activities. We created measures of intensity by calculating the average of all specific child tech brokering and parent tech guidance activities, including translating online content (when applicable). Cronbach's alpha demonstrated good reliability for the specific parent tech guidance and child tech brokering activities (.867 and .846, respectively).
Sibling learning activities. Parents with two or more children ages 6-13 years (N = 536) were asked how often their children helped each other: learn how to use a computer or a mobile device; watch TV shows or online videos together to learn something new; read together or to each other; help each other with their homework; and do art or science projects together. The first two activities explicitly relate to learning with technology, but the interviews conducted prior to the survey revealed that the latter three frequently implicated technology as well. Children increasingly read e-books alongside traditional ones (Guernsey and Levine, 2015) , and homework and projects frequently involve some consultation with online resources (Rideout and Katz, 2016) . Response options were as follows: never, hardly ever, sometimes, and often. Those who answered "never," "hardly ever," or "did not own the devices specified in the question" were coded as "0." Those who answered "sometimes" or "often" were coded as "1." These measures are used in RQ2 analyses.
Covariates
To more accurately assess the amount of variance that sociodemographic factors can explain in the outcomes of interest, we conducted and compared analyses with and without three covariates that extant research confirms as key measures of individuals' technology use (Eastin and LaRose, 2000; Helsper and van Deursen, 2016; Livingstone and Helsper, 2007) . Supplemental File 1 presents the associations between these three covariates and the outcomes of interest.
Years online. Participants were asked how many years had elapsed since they started using the Internet. Response categories were as follows: 1 = "1-4 years," 2 = "5-9 years," 3 = "10-14 years," 4 = "15-19 years," and 5 = "20 or more years ago" (M = 3.09, standard deviation [SD] = 1.41).
Internet use frequency. Participants reported how often they used the Internet, ranging from "never" (0) to "every day" (7) (M = 6.48, SD = 1.19).
Internet confidence. Participants were asked, "How confident do you personally feel about using the Internet?" Response options ranged from 1 = "not at all confident" to 4 = "very confident" (M = 3.45, SD = 0.73).
Results
RQ1.
We sought to identify which sociodemographic variables most influence intergenerational assistance with technology (RQ1a) and how the assistance that flows between parents and children on specific technology-related activities varied across social groups (RQ1b). We conducted bivariate analyses first (chi-square tests for race/ ethnic origin and parent education, and bivariate logistic regression for household income) and then conducted a logistic regression including all sociodemographic factors and covariates.
Bivariate analyses (crosstabs and chi-square tests for race/ethnic origin and parent education, and bivariate logistic regression for income) revealed that child tech brokering varied significantly by race/ethnic origin and parent education, but not by income, whereas parent tech guidance varied by race/ethnic origin, education, and income (see Table 3 ). NonHispanic Whites were less likely to report that their child has ever helped them with an Internet-connected device; they were also more likely to have ever provided such help to their children than African Americans and Spanish-dominant Hispanics. Parents with less education were more likely to have received child tech brokering and less likely to have provided tech guidance, than those with more education. Parents with more income were more likely to have provided tech guidance to their children than those with less income.
Multivariate analyses (see Table 4 ) revealed that although some of the associations between sociodemographic factors and parent tech guidance and child tech brokering vanished after accounting for parents' Internet confidence, years online, and Internet use frequency, race/ethnic origin and education were still significantly associated with several parent tech guidance and child tech brokering activities. English-dominant Hispanics were significantly more likely than non-Hispanic Whites to receive child tech brokering to fix things that go wrong with devices. African Americans and Spanish-dominant Hispanics were significantly more likely than non-Hispanic Whites to receive child tech brokering to find information online. African Americans were significantly less likely to provide tech guidance for learning how to use devices and marginally less likely to provide tech guidance when things go wrong with them. Spanish-dominant Hispanics were less likely to provide tech guidance for finding information online. Parents with a college degree were significantly less likely to provide tech guidance translating content from the Internet into another language. Because we were interested in how assistance flowed between parents and children for various technology activities, we used the data in Table 3 to calculate differentials between reported levels of parental tech guidance and child tech brokering. Figure 1 presents these differentials in parent tech guidance and child tech brokering by education, race/ethnic origin, and income. Our objective was to understand the extent to which technology assistance flows in lower-income families were parent-driven or child-driven for different technology activities. For each sub-group, we subtracted the percentage of households reporting a specific child tech brokering activity from the percentage reporting parent tech guidance for the same activity 4 (see Note 4) .
For example, for families headed by a college graduate, the differential between parentand child-driven assistance in fixing things that go wrong with a computer/mobile device was calculated by subtracting the percentage of those households reporting that children brokered this activity (i.e. 28.6%) from the percentage reporting that parents guided this activity (i.e. 54.8%). The difference is rounded to 26 in the top left cell of Figure 1 . Likewise, the differential between parent-and child-driven assistance in downloading activities among Spanish-dominant Hispanic families was calculated by subtracting the percentage of households reporting that children brokered this activity (52.4%) from the percentage reporting that parents guided this activity (32.1%). The result, −20.3%, is rounded to 20 in the bottom right cell of Figure 1 . For ease of presentation, we removed the negative sign for cells where child tech brokering outweighed parent tech guidance and used shading to differentiate them instead. An unshaded cell denotes tech guidance flowing from parents to children for that activity, whereas a shaded cell denotes tech assistance flowing from children to parents.
Family technology activities are entirely parent-driven in families headed by parents who are college graduates, non-Hispanic White, or reported household incomes above the poverty line, although Figure 1 shows that discrepancies between the amounts of guidance that parents provide and receive differed markedly by the activity in question. Parents who have completed high school or some college also guide their children more than they rely on brokering, but they do so by smaller differentials that include an even exchange between the generations for downloading activities (<1% differential).
English-dominant Hispanic and African American parents and those below the poverty line report inter-generational technology flows that are parent-guided for some activities and child-brokered for others. The differentials between parent tech guidance and child tech brokering are the least pronounced overall in these families.
Finally, technology assistance is child-driven across all specific activities in families where parents have not completed high school or are Spanish-dominant Hispanics. The latter group reports the starkest differentials between child tech brokering and parent tech guidance. We note here that we asked all surveyed parents whose homes were not English-only whether they and their children helped each other by translating online information. Spanish-dominant Hispanics were the only group to answer this question in meaningful numbers. Figure 1 shows that children of Spanish-dominant Hispanics not only broker their parents' efforts to locate online information but also translate the information that they have located. These children are brokering both technology and language for parents with limited English proficiency.
RQ2. The second set of research questions asked how siblings engage each other as learning partners. It queried the extent to which their shared activities are related to sociodemographics (RQ2a) and to learning activities that parents and children are doing together (RQ2b). Table 5 presents the results of bivariate analyses (chi-square for race/ ethnic origin and parental education, and correlation for income). Overall, parents reported that their children are learning together frequently and in a variety of ways; most parents indicated that siblings engage in each of these activities at least sometimes. These patterns varied minimally across race/ethnic origin, parent education, and household income levels.
Analyses for RQ1 had established that assistance flows with technology are more parent-driven in some families and more child-driven in others. The RQ2b analyses thus explored whether these two arrangements of inter-generational technology assistance set family norms that siblings follow, including the possibility that siblings whose parents provide less tech guidance might compensate by helping each other more intensively. We used multiple regression analysis to examine the associations between intensity of parent tech guidance and child tech brokering on sibling activities, controlling for race/ethnic origin, parent education, and income level.
The results show that intensity of child tech brokering and parent tech guidance relates to different types of sibling activities (see Table 6 ). Parent tech guidance was positively 
Discussion and implications
The goal of this investigation was to deepen current understandings of how family members collaborate to learn with technology together. We examined how parents can guide certain technology activities and receive guidance from their children on others. We considered how those patterns are influenced by sociodemographic variation and parents' own experiences with technology. We then explored how siblings' collaborative experiences are influenced by the extent to which inter-generational technology practices are either parent-or child-driven. The data are drawn from the first large, national survey of parents who are raising school-age children below the median US household income (see Note 1) . These lowincome and lower-middle-income families have seldom been the focus of research on children, families, and technology. Instead, most studies have focused on wealthier families in which parents are college-educated and tend to have more experience and skills with technology (Alper et al., 2016) . Their findings therefore have limited application for initiatives to reduce unequal access to the Internet and digital technologies (i.e. digital inequality). We address this gap by examining how sociodemographic factors established as important by prior digital inequality research-household income, parent education, and variations in race, ethnicity, and English language proficiency-are related to patterns in family technology engagement (Lopez et al., 2013; Rideout and Katz, 2016) . We also account for variation in parents' technology experiences with measures commonly employed in research on digital inequality among adults: the number of years that parents have been online, how frequently they use the Internet, and how confident they feel doing so (Eastin and LaRose, 2000; Helsper and van Deursen, 2016) .
Our approach to assessing sociodemographic variations and why they matter for family technology engagement is guided by Livingstone and Helsper's (2007) conceptualization of digital inclusion/exclusion as a spectrum (as opposed to a binary "digital divide"), along which members of different social groups are placed. Considering digital inclusion, and the family technology practices that can support it, along a continuum makes it possible to consider similarities among social groups and not just differences between them. Our focus on sociodemographic variation reflects our interest in the structural mechanisms that shape technology experiences, and in how those mechanisms influence family dynamics that facilitate inter-and intra-generational engagement with technology.
Findings for our first set of research questions (RQ1a and RQ1b) underscore the considerable theoretical contribution that Clark (2011) made by reformulating parental mediation to center on co-learning. Our results support Clark's shift from presuming that mediation is something that parents do for children, to considering technology engagement as a dynamic interplay between generations.
In RQ1a, we found that inter-generational engagement around technology is occurring, both frequently and intensively, in lower-income families with varied parental education, household incomes, racial/ethnic origins, and language proficiencies. Across the full sample, no fewer than one-third and up to two-thirds of parents and children help each other to learn how new devices work. This finding alone reveals that the process of adopting "personal" devices in lower-income families has collective characteristics (Katz, 2010) . Lower-income families also face challenges maintaining the functionality of their devices (Gonzales, 2014) ; we find that parents and children frequently help each other troubleshoot those issues. Likewise, we find that parents and children are frequently helping each other to find (and translate, in Spanish-dominant Hispanic families) desired information and to download apps, software, music, and movies. Our results demonstrate that individual-level differences among parents' technology experiences explain some of the variance, but important differences between social groups remain even after accounting for those differences.
Findings for RQ1a and RQ1b reveal that parents with lower socioeconomic status and English language proficiency are the most likely to rely on their children to broker technology and least likely to guide their children's technology use. These findings are consistent with prior research on children's technology brokering. With a national dataset, our findings contextualized Katz's (2014) qualitative research by demonstrating that the low-income, Spanish-dominant Hispanic families she had studied broker technology more frequently and intensely than children from other social groups. Our findings also support what Correa (2015) found in a different national context (Chile); parental education and household income matter a great deal for how central children's roles are to family technology practices.
Our RQ1b results show that children's tech brokering and parents' tech guidance are not mutually exclusive processes. Instead, to varying degrees, parents and children are involved in mutual learning exchanges around technology. The differentials we present in Figure 1 display just how dynamic these exchanges can be. Even among parents who guide their children more across all activities (i.e. parents who are college graduates, non-Hispanic White, or have higher household incomes), parents' leadership varies considerably by activity. For example, even college graduates exhibit less leadership when it comes to downloads, as compared with helping children locate content online. Assistance flows from the "top-down" and "bottom-up" are even more clearly demarcated by activity for English-dominant Hispanics, African Americans, and families below the poverty line. For families in which parents are Spanish-dominant or have not completed high school, it appears that children receive relatively more parent support when it becomes necessary to fix devices and provide more leadership for downloading activities, for example.
The dynamism of the inter-generational assistance flows captured in Figure 1 demonstrates how Clark's (2011) more neutral theoretical co-learning frame can help researchers fully capture diverse families' technology experiences. Extant scholarship has primarily focused on parental mediation strategies, wherein parents guide children's media and technology use rather than the reverse. That tendency has been reified by conducting research on parents who (by virtue of income, education, occupational exposure to technology, and other factors) are best equipped to engage in such practices. The consequence has been normative conclusions that parents should lead the way when it comes to technology use, such that parents are presumed ineffectual and their children insufficiently protected from risk when families deviate from this decidedly middleclass, majority culture standard (Alper et al., 2016; Livingstone, 2009; Valkenburg et al., 1999; Wartella and Reeves, 1985) . More inclusive consideration of the contributions that all family members make to shared technology experiences provides more valid assessments of potential synergies and emphasizes often-overlooked strengths within families that are too frequently framed by their deficits.
Our second set of research questions (RQ2a and RQ2b) took the inquiry a step further to assess whether intra-generational technology assistance varies sociodemographically and relates to siblings' shared learning activities. We consider the family as an interdependent system, in which dynamics between certain family members affect interactions between others (Olsen, 2000; Takeuchi and Levine, 2014) . Our results reveal that when family technology assistance is predominantly parent-driven, siblings are more likely to read with each other, complete art and science projects together, and help each other with homework. On the other hand, when family technology assistance is more child-driven, siblings are more likely to help each other learn how to use a computer or mobile device and go online to watch television or videos together.
These patterns are provocative because they suggest that in households where technology assistance is more parent-driven, the stage is also set for sibling collaboration on learning activities that teachers validate as good support for classroom learning. Although reading together, completing art and science projects, and doing homework often involve technology use, teachers view these as productive activities, while unstructured time online or watching television and videos is often dismissed as wasting time (Common Sense Media, 2012) . The latter sibling activities are significantly more likely among families in which children provide their parents with more technology assistance than they receive.
These results become troubling when considered in conjunction with RQ1b findings, because they suggest compounded disadvantage for children whose parents have not completed high school and/or are Spanish-dominant. Prior research (Louie, 2012; Reese, 2001) shows that these parental demographics (which are not mutually exclusive) face the greatest challenges in helping their children with homework and other school-related projects. Our findings reveal that siblings' activities do not compensate for their parents' constrained capabilities to support formal learning activities at home. These results therefore also call into question prior findings suggesting that family responsibilities disadvantage child brokers (Weisskirch, 2017) , because the adverse outcomes they experience may instead reflect the narrow definitions of appropriate, informal learning activities that are sanctioned by educators.
Study limitations
While our analyses make important contributions to usually disparate literatures, they have some important limitations. The dataset did not include specific questions about parenting strategies related to children's technology use. That omission was not an oversight. We decided to privilege what interviewed parents and children had emphasized about their family practices rather than to rely on established measures of mediation styles Valkenburg et al., 1999) . We therefore make no claims that our analyses holistically assess family technology dynamics. The dataset is also cross-sectional in nature; therefore, we identified associations between variables of interest but do not make causal claims. Finally, we have provided our rationale for collecting data only from families in the bottom-half of the US income distribution. It is our hope that we have established a foundation that enables future research on families' technology experiences across the income spectrum that nonetheless remains mindful of the digital equity challenges that persist at the lower end of that spectrum.
Implications for digital equity initiatives
Despite these limitations, our findings have important implications for designing digital equity programs, as well as for future scholarship. We began this inquiry with an interest in how research on lower-income families' technology practices could inform development of programs and policies to address digital equity concerns for school-age children and their families. Our findings reflect growing recognition among scholars and practitioners that although access to consistent, high-quality Internet and well-functioning devices still matters (Gonzales, 2014 (Gonzales, , 2016 , disparities in access to quality support for developing digital skills and knowledge are as important (Helsper and van Deursen, 2016 ). Waldman's (2011) assessment of information needs among US populations for the Federal Communications Commission revealed that parents and children in highneed communities are most likely to require local resources to support them in developing technological capabilities, but least likely to have such support available.
We believe our findings suggest both promise and caution about how family members can serve as these supports for each other. Our survey findings reveal frequent and intense co-engagement with technology in lower-income families. The interviews we conducted prior to the survey (Katz and Gonzalez, 2016a ; see Note 2) lend qualitative support to our assertion that family members are actively seeking each other's guidance, co-learning, and supporting each other in developing technological skills and confidence. Families are already enacting such practices, which is promising for digital equity programs designed to leverage these familial strengths. Such programs will need to establish quality local resources for parents and children to extend their existing practices and assist them with maintaining their devices or managing interruptions in connectivity Gonzales, 2016) . Brokering responsibilities are less likely to have adverse effects for children when their parents and other adults actively support their efforts (Katz, 2014) . Quality community support for family technology engagement, in the form of trusted local adults and institutions, can therefore provide critical assistance to the child brokers who need them most. These local resources also provide parents with opportunities to increase their own technological capabilities independent of their children.
There are important cautions for digital equity programs from our findings as well. Parents' reliance on their children's technology brokering is associated with lower household income, parental education, and English language proficiency. It would be misguided to celebrate children's contributions to family technology practices without also being mindful of constraints that they experience in compensating for parents' limited technological capabilities. Our RQ2 findings show that siblings are unlikely to adequately compensate for these challenges. Children growing up in low-income and immigrant families generally have less consistent and quality access to new technologies (Horrigan, 2014) , and thus cannot always effectively bridge their families' access to online information and digital resources. In fact, recent research suggests that the immersive experiences new technologies offer to users may more readily reveal limitations in child brokers' capabilities than more finite, traditional media formats (Yip et al., 2016) . To gain traction, digital equity programs must address parents' and children's needs for local support and affordable access, while also demonstrating confidence in what families can accomplish when they collaborate and learn together.
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